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DEClJVRATIONOFPAULPOLAKIS.Phl), ' 
I. Paul Polakis, l>hJD.. declare aiwl say as follows: , 
t 1 was awarded a Ph.p. by the Department of Biochemistry of the Michican 

b^n leadmg G^ientech's Tumor Antig^i Project, wWch is a terge SZroieS 
witij a pnmary focus on identifying tumor cell markers that find iise^^Sr 
both the diagnosis and treatment of cancer in humans. 

^tf^ f ^ "'^^^ '^T''' ^"^j^ my laboratory has be«i analyzing 

d^er^tial expr^sion of various genes m 

of this research is to identify proteins that are abundantly e^qjressed 
t^^T^""' ^ ^3)ressed. or (ii) expre^ at 

tower levels, on correspondmg normal cells. We call such differenMy exposed 
proteins 'tumor antigen proteins^ When such a tumor antigen proteihl 
S?"^ Of can produce an antibody that recognizes and binds to that protein. 
Such an antitody finds use in the diagnosis of human cancer and may ultSaX 
. J^nre.as an effective therapeutic in the treatment Of human^c^^ 

4. , In thecourse of the research conducted by Genentech's Tumor Antifi^^ 
^'Zn S*Pl°y«i * variety of sci^itific techniques for detecting ^d 

studymg diff^ntal gene expression in human tumor cells relative to nonnal cells 
at genomic DNA. mllNA and protein levels. An important example of^™^ * • 
^^que IS the well iaiown and widely used techniq^^ 
^ch has^ovento be extremely useful for the identification of mlWA moleeMes 
that are differentially expressed in one tissue or cell type relative to anX In the 
course of our research using microarray analysis. We have idSd 
S^'^T l^^ gene tr^cripts that are present in human tumor cells at 
significantly lugher levels than in corresponding normal human cells To date we 
have generated antibodies that bind to about 30 of the tumor anti^^^^^^^ 
repressed from these differeritially expressed gene transcripts and ha?Sthese 
antibodies to quantitatively determine the level of production of these tiirn^ 
antigen protems m both human cancer cells and coitesponding nonnal cells We 

fw. f ron;^ the mRNA and protpin expression analyses described in paragraph 4 
level of mRNA present m any particular ceU type and the level of proteS 



expressed from that mRNA in that cell type. In approximately 80% of our . '. 
observations we have found that increases in the level of a particular inRNA 
correlates With'changes in the level of protein expreissed from that mRNA when 
human tumor cells are compared with their corresponding noiinal cells. 

.6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant sciaitific litetatioe, it is my considered scifentific 
opinion that for human genes, an increased level of mRNA in a toor cell relative 

. to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor ceU relative to the normal cell. In feet, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
. corresponding increased levels of the encoded protein. Whfle thrae have been 
published reports of genes for which such a correlation does not exist, it is. my 
opinibn that such reports are exceptions to the commonly understood general rule 
lhat increased mRNA levels are predictive of corresponding iricreased levels of the 
encoded protein. 

7- I hereby declare that all statein«its|iade herein of my own knowledge are 
toie and that all statenients made on information or belief are believed to be true, 
anid fiirther that these statements were made with Uie knowledge that willfiil felse 
statements and the like so made are puipshable by fine or imprisonment, or both, 
under Section lOOl of Title 18 of the United States Code and that such wttlfUl 
statements may je6pardi2e the validity of the application or any patent issued 
fl»reon. 



Dated: 5/.^/.p/ By: jQ^y /^^^ 

Paul Polakis, PhD. 
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Ixtracts. If these minor cell proteins differ among cells to the same extent as the 
?mor6 abundant proteins, as is commonly assumed, only a small number of pro- 

jgi0 diferences (perhaps several hundred) suffice to create very large differences 

iji ceU morphology and behavior. 

ACellCan Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized cells in a multicellular organism are capable of altering 
tljcir patterns of gene expression in response to extracellular cues. If a liver cell 
Is e3q)0sed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and otiier small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosme to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat ceDs, for 
example, die production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at ail. These examples illustrate 
a general feature of cell specializatioiwlifferent cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanentiy distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein ^ 

If differences between the various ceU types of an organism depend on the par- 
ticular genes tiiat the cells express, at what level is the control of gene expression 
exercised? There are many steps in tiie patiiway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a ceU can control tiie proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scripttonal control), (2) controllmg how tiie primary RNA transcript is spUced or 
otherwise processed (RNA processing control), (3) selecting which completed 
inRNAs in the cell nucleus are exported to tiie cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs m the cytoplasm are translated by ribosomes 
jranslational control), (5) selectively destabilizing certain mRNA molecules in 
tae cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vatmg, or compartmentalizmg specific protein molecules after they have been 
made (prot^ activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
DBcause, of lall the possible control points illustrated in Figure ^2, only transcrip- 
nonal control ensures that no superfluous intermediates are synthesized In tiie 
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Figure 9-2 Six steps at which 
eucaryote gene e3q)re5$ion can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Giapter 5; this includes reversible' 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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foUowtng sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene esqiression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
ofgeneslhey express in response to chan^ in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ^ 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 



Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent firom the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strams of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fi^actionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 



Figure 9-3 Double-heUcal structure 
of DNA. The major and minor grooves 
on the outside of the double helix. ar« 
indicated. The atoms are colored as 
follows: carbon, dark Wue; nitrogen 
light blue; hydrogen, white: oxygen* ■ 
re^t phosphorus, ye/tou;. 
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Figure 6<-3 Genes can be expressed 
with dHTerent effidendes. Gene A i% 
transcribed and translated mudi more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

Transcription and translation are the means by which cefls read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made ftom the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amoimt of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of flie moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequenca The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subimits linked together by phosphodiester bonds (Figure 6-4). It dififers from 
DNA chemically in two^ respects: (1) the nucleotides in RNA are 
ribonucleotides— is, they contain the sugar ribose (hence the name ribonu- 
cleic add) rather than deo^qnibose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base luucil (U) 
instead of the thymine (T) in DNA Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these small chemical differences, DNA and RNA differ qtute dra- 
maticalty in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex tiuee-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 
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Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain sirnilarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggr^tes that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross<l>eta filament. (B) Diagram illustrating 
the self-Infectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, induces the nbrmal PrP protein it contacts to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure Is 
not Infectious In this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta fUannenc 
a common type of protease-resistant protein aggr^te found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*. shovn'ng the lllceiy change of two a-helices into four 
p-sqrands. Although the structure of the nonnal protein has been determined accurately, the structure of the 
infectious form Is not yet loiown with certain^ because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et ai^ / Mo*. BioL 273:729-739, 
1 997; D, adapted from S.B. Prusiner, Trends Bfochcm. So. 2 1 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease**) from catde to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily dif&cult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious 'protein-only inheritance** observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so £au: in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which eadi of the many steps 
is performed. 

We discuss in Chapter 7 that ceils have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90] couid be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is die most common 
point for a cell to regulate the e3q)ression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being e3q)ressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucHeoprotein assembfycaUeda ribosome. The 
amino adds used for protein synthesis are first attached to a famify of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
Ucularsets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subimit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl iRNAs-^each bearing a 
specific amino add bind sequentially to ^appropriate codon in mRNA by forming 
complementary base pairs wiOi the tRNA anticodon. Each amino acid is added to the 
C'terminal end of the growing polypeptide by means of a cycle of three sequential 
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Bgm 7-5 Six steps at which 
eucaryotic gene expression can be 
contrailed. Controls that operate at 
steps I through S are discussed ip this 
chapter. Step 6, the regulation of proteir 
actlvhy, includes revers8)le activation or 
inacdvation by protein phosphor^atlon' 
(discussed in Chapter 3) as vyell as 
irreversible inactivation by proteolytic 
degradation (discussed in Oiapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cefl types of an organism depend on die partic- 
ular genes that the cells express, at what level is the control of gene emression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leattog from DNA to protein, and all of them can in principle be regulated. Thus 
a ceU can control the proteins it makes by (1) contblling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcnpt is spUced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the ceU nucleus are e3q)orted to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
locaUzation control), (4) selectingwhich mRNAs in the cytoplasm are translated 
by nbosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation contioQ, or (6) selectivdy acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after tfiey have been made (protdn actMty control) (Figure 7-5). 

For most genes ttansCTiptional controls are paramount This makes sense 
because, of all die possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the ceU will not synthesize superfluous interme- 
(Bates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating die initiation of gene transcription. We 
Shan return at tfie end of the chapter to die additional ways of regulating gene 



Summary 

Tfte genome of a cell contains in its DIHA sequence the information to make many 
t^usands of different protein and RNA molecules. A ceU typically expnsses only a 
fraction of its genes, and the different types of cOls in naddcOMar organisms arise 
b&sause different of genes are eqiressed. Moreover, cOIs can change the pattern 
qrfieiies Otey express in response to changes in their environment, such as signals 
from other cells. MOwu^ aU ofOte steps involved in expressing a gene can in prin- 
aple be regulated, for most genes Oie initiation of RNA transcription is the most 
.important poba of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a ceU determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
" -id by a regulatory region of DNA relatively near die site where transcription 
Js. Some regulatory regions are simple and act as switches that are thrown 
smg^e signal. Many others are complex and act as tiny microprocessors, 
respondmg to a variety of signals tiiat diey interpret and integrate to switch tiie 
neignbonnggene on or off. Whether complex or simple, diese switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost toough spontaneous deamination events 
that were not properly repaired. However promoters oif genes that remain active 
in the germ cell lineages (includmg most housekeeping genes) are kept 
immethjdated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to he transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when g^wn in culture, the gene riBgulatory mechanisms 
involved in creating them must he stable once established and heritable when the 
cell divides. These features endow the cell wiOi a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other, this can mate a flip-flop switch that switches a ceU between two alternative 
patterns of gene expression. Director indirect positive fetedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative fcedbadc loops wiih programmed deU^ form the 
basis far cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thou^t that each type ofceU in a higher eucaryotic 
or^nism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regula^ry proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
daily dramatic case is the inactivation of an entire X chromosome infamale mam- 
mals. In vertebrates DNA methylation also fimctions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tialfy by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic iniprintir^ in mammals, in which the expression of a gene depends on 
wh^her it was inherited from Ote mother or Oie father. 
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Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in .vertebrate 
genomes. A bhck Fine marics the location 
of a CG dinucleotlde in the DNA 
sequence, while a red "loiilpop" indicates 
the presence of a methyl group on the 
CG dinucleotlde. CG sequences that lie In 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the opher hand»tend to be lost through 
deamination of S-methjH C toT. unless the 
CG sequence is critical for survival. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
many genes they are crucial. 
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Figure 9-71 A mechanism to ejqylaln 
both the marked deficiency of CG 
sequences and the prissence of CG 
islands in vertebrate genomes. A 
black line marks the location of an • 
unmeth^ated CG dinudeotide in the 
DNA sequence, wliile a red line marks 
the location of a methylated CG 
dinudeotide. 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
daUzed animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them must he stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
deudopmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
mint to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other, this can create a flip-flop 
switch that switches a cell between two alterruitive patterns of gene expression. Di- 
rector indirect positive feedback loops, which eruible gene regulatory proteins to 
perpetimte their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
relation of many genes. 

In addition to d^ftisiblegene regulatory proteins, inlierited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression In ver- 
tebrates Dm methylation also plays a part, mainly as a device to reinforce decisions 
(^ut^ne expression that are made initially by other mechanisms. 



Posttranscriptional Controls 



Although controls on the initiation of gene transcription are the predominant 
ronn of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the aniount of gene product that is made. Al- 
™ugh these posttranscriptionai controisi which operate after RNA polymerase 
nas bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control, for many genes they are crucial. It seems that every 
5 ep in gene expression that couId.be controlled in principle is likely to be regu- 
3ted under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 

% according to the sequence of events that might be experienced by an RNA 

oiecule after its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptional controls on gene 
expFesslon. Only a few of these 
controls are likely to be used for any 
one gene. 
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CHAPTER 29 



Regulation of transcription 



^ phenolypic dilTi»rencTs Uku du^tm^ui^h Ihe 
fjirtous ktiuls nr i-fUs ill o htghi*r tutnryute are 
fnrf ely diif (o* dilTirrcriires in the expression of ' 
^rnes tbol code fnr prtiieins. tlial i& tlio.se tran- 
fttiUed hy R\A po^'iiH*rn.sf IL In principle, ilie 
expression qT Ihesif i!eni»s niifrlil lie ir^ulaled al 
any one of several .sla^e& Tlie conrepi of the 
-level or conlror impSies thni gene espressiofi 
' is po^ necessarily an autnntatic process once il 
has begun- Il could be reg:ii1ated In a gene- 
jpeClHc it-ay ai any one of 5everal sequential 
steps. \Ve can dlMin^ tiisii <ni leaM) five poten- 
iial control points, f/innni^ lite "ceries: 

Arlivatimi or ^enr siriiiunv 
i 

liHtialinn of ti*ansrripltcin 
i 

i 

tiiaa^por^ to cvioplasin 
i 

Translation of niHNA 

Tlie cxislriice of \Utr Hrsl .slep is in\plird l)y 
ilie discover^' that ^enes may exist In either of 
nro strtivtui-al conditions. Helnilve In (he stale 
of inosi of the grnonie. {fenes are roiitid in 
nil •arlive" Mate In the i*ells In whlcti they 
anf expressed (see Chapa-r iTi. Tlw rl\ange of 
strutiure is disllncl fh»ii ihe act of irnnscriji* 
lion, and indicates tliai the gene is *1ranscrib- 
able/ This suggests thai acquisition of the 
"active" structure mtisl be Ihe first step in gene 
expression. 

Transcription of a gene in the active state is 



controlled al the stage of inStlalion. that Is. t)y 
the UUeradton of RNA polyineitise with iis pni- 
moter. Iliis Is now becoming susrepiilile to 
analysis In the in vttro s\^te.tns (see Clinpccr 
±H). For most genes, this is a niaior ronienl 
point: probably it is the most cwiinion level of 
regulation. 

There is at present no evidence for controi 
at subse(|uent stages of transcription in eukary- 
olic cells, for example.. \ia antiterniinalion 
mecbaftls»)s. 

The pnniary transcript Is modified by capping 
at itie 5' end. and usnaliy a?so liy polyadenyla- 
tion at the V end. tntrons must 1>e spliced out 
fruiii Ihe transcripts of intcrriipied genes. The 
moture UNA must tic espnricd rroin ilic nucleus 
to Ilie r\toptnMn. Refill aiioii of gene expression 
by selection of se<)uences ni the Irvef of nuclear 
aNA nitglit involve any or all of. these stages, 
but the unc fur %\1iich n*e have most evidence 
concerns change.^ In spUcing: some genes are 
e^ipressed by means of alternative splicing pal* 
terns whose ivgulutioit controls ihe type or pro- 
tein procUuM (See Cliapter M)). 

Finnlly. the trnnslaiion of an mKNA In the c>io- 
plasin can he specincally controlled. Tiiere is Utile 
evidence for Ihe etnplo>inefil of this mechanism in 
aduki suinalic cells. bu| ii dues occur hi some 
enil)r\«nlr sUuHiions« as OoscriVied h> Chapter T. 
- Tlie mechanUm Is presun^ed to Involve the block- 
ing of intilfttlon of iranslaiiqii of some mRNAs by 
specific protein factors. 

But having acknowledged thai c(»fitrol of gene 
expression can occur ai m'ulUple stages, and 
thai production of ilNA cannot inevitably be 
equaled with production of protein, it Is dear 
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that Ihe ovenvhelming ' majority of re^latojy 
. events occur at the initiation of u^nscnption. 
Regulation of tlssue-spednc gene transcription 
lies at the heart of cukaryoUc difTerenlialion; 
indeed, we see examples in Chapter 38 in 
which proteins lliat regulate embo'onCc devel- 
opment prove to be transcription factors. A reg* 
ulatoo' transcripiion factor serves (o provide 



common control of a large number or .iar^i 
genc$» and seek to answer two questiore 
about this mode of regulation: wh^t idtiitifies 
Ihe common target genes to the transcription 
factor, and how is the acliviiy of the iranscrip- 
Uon factor itself regulated in response to imrin. 
$ic or extrinsic stgnals? 



Response elements {dentify ^a>nes under common 
regulation 



The principle that emerges from chanfcteridng 
groups of genes under common Conirol is that 
they share a pmnoter danent that U ncagniztd 
by a rtgnlaioo' iransaiption factor. An element 
that causes a gene to respond to such a factor 
is called a response element: examples are the 
HSE (heat shocX response element), GRE 
(glucocorticoid response dementK SRE (serum 
response elemeul). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in. Table Response elements 
have the same general diaracterisifcs as 
upstream elements of promoters or enhancers. 
They contain short consensus setjuences. and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 intfjcitjSe lranscr:pj.on facicrs bird ic 
fDsponse elumenls lha! idc-nt.fy g.'cups cf rfomciers 
Of enhancers SLfcjeci lo coc/di/i<i:c ccr.ifcl. 



R£gu1fltory Agent Modula Consensus 



Factor 



Hestthock HS£ CNNOAANNTCCNNG MSTF 

Glucoooflicoctf GRE rCQTACA^TGrrCT Bfceplor 

PnortolBstef TflE TGACTCA aPi 

SefURi SRE CCATAtTAGG SRF 



the consensus sequence. In promoters, the dr- 
ments are not present at fixed distances from 
the sianpoint, but are usually <200 t>p upstream 
Of It. The presence of a single element usuaUr 
is sumcient lo confer the regulatoiy response* 
but sometimes there are multiple copies. 

Response dements may be located in 
molers or in enhancers. Some ijpcs of elemenis 
are typically found in one rather than the othrr. 
usually an HSE is found In a promoter, whil^ ' 
CR£ is found in an enhancer. We assume 
all response elements function by the 9^^^ 
general principle. A e<nc is regutat£4f 
sequence at tlic promoter or enhancer ^ 
recognized py a specific protein. The P'^^^ 
/unctions as a transcription factor needed 
/UVU polyxnerase to initiate,' Active prole^ 
avaital^ onfy under conditions token the, ^ ^ 
to be expressed; Its absence means that thi 
motet' is not aaivaied b)' this particulor ar^'* 

An example of a situation in which ^^^^^ 
genes are controlled by a single factor U ^^^^ 
\1ded by the heal shock response. This 
mpn to a wide range of prokaryo*^* 
eukar^'otes and involves multiple coniro**^^ 
gene expression; an increase in temp«'^"^j, 
turns off transcription of some genes. 
transcription of the heat shock fi^^Ujt^- 
causes changes in the translation of ^\^r 
The control of the heat shock genes ^^^^^ ^fi 
the differences between prokaiyotic ^^^^ 
eukaryotic modes of control In. bacteria, ^ 
Sigma factor is synthesized that dirc^^^ ^ 
poiymerase holoenzyme to recognize a'*- ^ 
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Abstract 

Baclcground: Prostate stem ceil antigen (PSCA) is a recently defined homolo^e of tlie Thy.|/Ly.6 femily of 
glycosylphosphatidyltnositol (GPl).anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in cfinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHq and in situ hybridization (ISH) analyses of PSCA 
^Sr.?"!^" "^^^ simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantltatively scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weal< or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression In 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses 
with statistical significance compared widi BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively)* 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < O.OS, respectively). In addition. IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surfeee marlcer is overexpressed by a maiority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-in dependence and 
speculatively witii prostate carelnogenesis. PSCA protein overexpression results from upreguiated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and charaaerization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lade of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are seaeted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al |lj reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Uke Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independenee. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 eases of BPH, 20 
cases of PIN, 40 cases of priinary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fbced in 10% formalin for IHC and the other orcated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffm blocks examined were then cut into 5 
^m seaions and mounted on the glass slides specific for 
IHC and ISH respeaively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our insritution based on the criteria of Gleason score (2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to lewett-whitmore- 
prout staging system, as shown In Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - 11) and high grade PIN (HGPIN, 
grade III) on the basis of literatures |3,4]. 

ImmunoMstochemlcal (IHC) analysis 
Briefly, tissue sections were deparafEnized, dehydrated, 
and subjeaed to microwaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1: 100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3*-diaminoben2idine reaction. Seaions were then 
counterstained with hematoxylin. Subsritution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 
Five-Jim-thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% ciuie acid) for 20 min at 37.5 'C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antiscnse 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48*C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37* C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 « SSC for 30 min. The slides weie then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5*C for 1 h followed by washing in I x PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 "C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table I: Correlation of PSCA expression with Gleason score 



imensltx » frequency 



Gleason score 



0-6 (X) 



9(%) 



2-4 
S-7 
8-10 



5(83) 
19(79) 

5(28) 



1(17) 
5(21) 
13(72) 



Table 2: Correlation of PSCA expression with clinical stage 



Intensity x frequency 



Tumor sta^e 



0-6 (%) 



9(%) 



27 (67.5) 
2(25) 



13(32.5) 
6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PS(^ 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
cndy experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intcaobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 * positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5). In this way, we were able to differentiate specimens 
that may have had focal areas of inaeased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Stot/sticof analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-tesi. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression In BPH 

In general, PSCA protein and mElNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18,2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 1 1 (45^%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak suin- 
ing for PSCA protein (2 score) by IHC, Strong PSCA pro- 
tein and mRt^A expression (9 score) were deteaed in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in PcQ 

In order to determine if PSCA protein and mRNA can be ^ 
detected in prostate cancers and if PSCA expression levels 
are inaeased in malignant compared with benign glands. 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA e)q>ression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
e3q>ressed a significandy higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respeaively). The 
resuh demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores » poor-differentiation [7|. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage In Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages] (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correfot/on of PSCA expression with androgen^ 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained posiUve for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87,5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
depcndent cancers (p < 0.05), The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA Immunostaining and mRNA In situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting thai this may reflect posttranscripiional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunosuining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representotlves of PSCA IHC and ISH staining in Pea (A. IHC staining. B- ISH staining. ^200 magnification). A,. B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. Aj. Bj: a moderately differentiated Pea {Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A^; IHC shows not only ceil surfiace but also apparent cytoplasmic staining of PSCA protein. A3, B3: a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA. is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-spedfic in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependem and-independent Pea xenografts 
(lAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
arc widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
eady event in prostate carcinogenesis. Recently, Reiter RE 
eial [IJ, using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN dssues by Tran C. 
P et al [8]. These data suggest that PSCA may be a new 
macker associated with transformation of prostate cells 
and tumorigenesis. 

We observed diat PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers* 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells (9|. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5). These data seem to indicate that PSCA 
is a novel cell sur4ce marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independenee. Our 
results also collaborate the recent work of Han KR et al 
[10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
(11] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PGR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSKdA RT-PCR, and extraprostatic 
cases with positive PSCA PGR indicated lower disease-pro- 
grcssion-free survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al |12j reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present finding$, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predia the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or dinieal prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplifieation. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis I13-15J. Interestingly, PSCA is in close proxim- 
ity to the e-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al 1 1 8 1 reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al [91 recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18].WatabcTetal (19) reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22). Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25]. Cell-cell or cell-matrix interacdon is 
critical for local tumor growth and spread to distal sites. 
Ftom its restricted expression in basal cells of nomial 
prostate and its homology to 5CA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferadon [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies a>uld be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexprcssing cells 
in bone manow or peripheral blood may identify and pre- 
dia metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression f^om 
HGPIN dirough all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation}, advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

T^Biislaflon Inltialion is regulated bi response to 
mjtrient itvallabimy and mftogMile stimulation and Is 
coupled with ceO cycte progres^n and cefl gmwtlL 
Several altaratfons bi traitfatlomd control oo^ 
cancer. Variant mRNA sequences can after liie 
lianslaflond ^ftclency of IndMdual mRNA m 
wfUch b) turn play a role fn cancer biology. Clianges In 
the exprasslon or avaOabSlty off components of the 
transfattonal madltfnay and bi the acdvation of 
translation through signal transductfon pathwiye can 
lead to more global cdianges, such as oi biciease in 
the owriO rate of protein ^synthesis and trmslatSonai 
acflvalion of the mnM moleculea bwolved in ceil 
srowtfi and pmOlMBtion. We 1^ 
principles of translational control, the atterations 
encotfiitered fn pancer, and selected therapies 
targeting tran^atlon Initiation to help elucidate new 
therapeutic avenues. 

introduction 

The ftjndamental prlndple of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression between 
cancer cells and nonr^ cells. V\mh the advent of cONAanay 
technology, most efforts have concentrated on Identifying 
dW^ces In gene expression at tfie level of mRNA. which 
can be attributable either to DMA ampUflcatlon or to differ- 
ences In transcription. Gene expression Is quite compncated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translalton, and protein stability. 

The power of Iranslational regulation has t>een best recog- 
nized among developmental biologists, because transcription 
does not occur In eaV oTibryogenesfe In eukaiyotea Ft>r ex- 
ample in XsrjQpus. the period of transcriptlonaJ quiescence 
continues unffl ^embi^ reaches nrUcftrfastuIa troisiaon, the 
4a)0K»« staga Therefore, all necessary mRT^ molecules are 



inactive, masked fonn. The mRlsiA are IransIatlonaOy activated 
at appropriate times during oo<^ maturation, fertUlzatlon, and 



eery emtyyogene^ and thus, are imder strtel translatlonal 
control. 

Translation has an established role In cell growth. Basl- 
' caliy, an Increase \n prot^ synttiesls oocure as a consd- 
quence of rr^togenesls* Until recently, how^» nttie was 
known about the alteratlans In mRNA translation In cancer^ 
aid much la yet to Ije discovered about th^ rote In tho 
development and progression of cancer. Here we reylewthe 
t)a8fc principles of tran8laxk>nal control, the alteratfons en- 
countered in cancer, and selectad therapies tergeting tig nfyi^ ^ 
tkm Htiatfc>n to ^x^date potential new thera^ 

Bade Principles of Translatlonal Controi 
Mechanism of Ttan^aO^n iniUsUm 
IV^islatfcm inHlatkm is die main step in tra^^ 
1)an$latkm Initiation is a corrH>leX process In which the initiates 
tFINA and the 40S and eos ribosomal suUmits « rooruKed to 
the S* end of a mRNA molecute and assembled ly eukarycAlc 
tran^ajOon inhlato foctora Into an 8^ 

codon of the mlWA Fig. IX The 5' end of eukaryolfc mRNA Is 
capped. La, contains tho cap structure m^QpppN (7*me&iyl- 
guanosIne^riphospho-S'-fltxinucleoslde). Mo^ translation In 
eidOBiyotes ocGLirs In a cap<lependem flashk)n, Xa, tto 
specIfksanyreoQgr4»dbytheelF45,®whtehblhd3«ie5' cap. 
The elF4F transialBon InHiaSon complex Is then ftsrmed the 
assembly of elF4e, the RNA heOcase elF4A, and elF4Q, a 
scaffolding protdntlmt mediates the t)lndkig of the 403 i9x>- 
sonrial subunft to the mRI^ molecule throu^ interactkin w^ 
the eiF3 prot^ present on the 408 ribosonia elF4A and elF4B 
partk^e in niefiing to seoondaiy sinjClure of the 5' um of 
the mRNA. The 43S Initiatkxi complex (40S/BlF2/M8t-tRNA^ 
OTP oomF^ scans the mRNA In a 5'^' dkectk>n unttt it 
encounters an AUG start codon. This start codon Is then base- 
paired to the antkx)don of Initiator tRNA, f6milng the 48S Initi- 
ation complex. The Inftiatton factors are then displaced from the 
48S complex, and the 60S ribosome loins to forni the 8QS 
ribosoma 

Unlike most eukaryoflc translation, translation Initlallon of 
certain mRNAs, such as the picwnavims RNA, is cap Inde- 
pendent and occure by internal ribosome entiy, Tt^s mecha- 
nism does not reqito elF4E Bther the 438 con^tex can Wnd 
the initia»on codon dlrecdy through interactfon with the IRBS in 

the 5' UTR such as In the encephatomyocarditis vhis, or ft can 
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scanning or transfer, as te the case wfth the polkjwus (1 ). 

Regumm of Tranatatlon Initiation 
Translation Inmatfon (an be regulated by atteraHons In the 
expression or phosphorylation status of the various factora 
involved. Key components In tmnslattonal regulation that 
may pmvldo potential therB^jeutlc targets follow. 

eIRE eiF4E plays a central role (n translation regulation. 
It b the least abundant of the Inrttatlon factors and Is con- 
sidered the late-llmfttng component for Initiation of cap- 
dependent translation, elF4E may also be Involved In mRNA 
splldng, mRNA 3' processing, and mRNA nu(^eocytoplas- 
mic transport (2). elF4E exprsssion can be Increased at the 
tenscftpHonal level In response to semm or growth factors 
P), elF4E overexpresslon may cause preferantlaJ translation 
of mRNAs oontalntng e»)e$sive secondary structure In their 
5' UTR that are normally discriminated against by the trans- 



tetlonal machinery and thus are frieffidently translated (4-7> 
As examples of this, overexpresslon of elF4E promotes biZ 
creased transtafion of vascular endomellal growth factor 
fftMioblast growth and cycBn Dl (2, t 

Another medianism of amtro! Is ttie regulation of elF4E 
phosphoiylatloa eF4E phosphorylation Is mediated by tho 
mftogen-actlvaled protein Wnase-lnteractlng kinase 1, whteH 
Is activated by the mtogen-adhrated pathway activating 
extracellular slgnal^Hielated kinases and the sbess-ectivatecl 
pathw^ acting through p3B Rtftogen-acUvated prolelh kl- 
nasB (10-13). Several mitogens^ such as saum, platelet-^ 
aertved growth factor, epklemia) growth factor, Insulin, 
^glotensln II, src kinase ovaTwqpresslon, and ras over- 
expresstori, lead to eIRE phosphorylaOon (1^ The phos- 
phoiyfation status of elF« Is usually con^ated the 
translatlonal rate and growth status of the cell; however* 
elF4E phdsphorytotion has also been obsenred k\ response 
to some c^ular stresses when translatlonal rates actually 
decrease (iq. Thus, llirttier study b needed to understand 
the effects of eIF4E phosphorylatk>n on elF4E activity. 

Another mechanism of ragutatlon Is the alteratfon of elF4£ 
avallabimy by the binding of elF4E to ttie elF4&bIndIng pro- 
t^ns {4&BP, also known as PHAS-^ 4E-8Ps compete with 
elF4Q for a bhtcflng site In eIRE. The binding of elF4E to the 
best characterized elF4E^ndlr^ protein. 4E-BP1, b regu- 
fated by 4E-BP1 phosphorybtkm. Mypopho^horyiated 4E- 
BP1 binds to elF4^ wherDas4E-BP1 hyperi:rfio^)horylatk>r» 
decreases this binding. Insulin, angiotensin, epldennal 
growth factor, platelet-derived growth facfor, h^tocyl© 
growth factor, nerve growth fsKjior, InsuJIn-Kke^wth factoid 
I and II, Interleukln 3, ^ulocyte-macrophfi^ cdtony-etlm- 
uladng factor + sleelfacior. gastrin, and the adenovfrus have 
all been reported to induce phosphorylation of 4&BP1 and 
to decrease the ability of 4E-BP1 to bind eIF4E {15, 10^. 
Conversely, deprfvatlon of nutrients or growth factors results 
In 4E^BP1 dephosphorylafion, an bicrsase In elF4E binding, 
and a decrease In cap-dependent translatloa 

proSBKbiase. Phosphorylation ofriboaomal 408 protein 
S6 Iv S6K te thought to pl^ an Important rt)le In transfaHonal 
regulatton. S6K mouse erntHyonfc celb prt)IHerate mote 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cefl prollfertttton (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' temilnal 
ongopyrlmWIne trarl TOP) found at the 5' ura of rft)os^ 
protein mRNAs and other mRNAs coding for components of 
the transfattonai machinery. Phosphoryt^ of S6K Is regii^ 
laIedmpartbflsedontheaiwdIabPItyofnutrl«te 19)andis 
sHmulaled by several growth factors, such as platelet-derived 
gnowthfador and Insun^nte gnawth faotor I {20). 

eiF2a Pho^>horylation. The binding of the Inltlatw- tRNA 
to the small nbosomal unit is mediated by tianslatkm Inltia- 
tlon factcM- eIF2. Phosphorylalton of the o-subunlt of elF5 
prsvent sfofro atton of the eIF2/QTP/Met-tRNA complex and 
irWbtts globa! prot^ synthesfe (21, 2g, elF2a Is pho^jho- 
rylated under a variety of condftlons, such as viral Infectlai, 
nutrient deprivation, heme deprivation, and apoptosls {2a* 
eIF2a Is phosphorylated by hemenegulated InhibHor, nutrte^ 
regulated protein kinase, and the iFN4nduced, double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 



The mTOR SlcpiaOng Pathway. The macfoBdo antibtotic 
rapamycAi ^raflmus; WyetthAyerst Research, CoHegevflte, 
has been the subject of Intend study because It rn- 
Wbils signal transdiictfon pathways Ira«h«d 
tion, llio rapamydn^nsfth^eoomponentof these pathways 
Is mTOR (afeo called HW or RAm). mTOR Is ^ 
mallan homologue of the yeast TOR prot^ that reguJate 
prc^MBSslon and translation In response to nutri^t avaltabil- 
Ity (24). mTOR Is a serine-threonine idnase that mbdtdates 
translation fnftlallon by aftering the phosphoiylation stabjs of 
4E-BP1 and S8K(Fto-2; Ref.25). 

4&BP1 bphosphoiytaledon nfiultlprefesldue& mTOR phos- 

phorylales the and TtiMa iB^dues of 4Mm ih vtoo 
«2flfc howrew. phosphorylaBon at the^ 

wHh a loss <rf eIRE bbuJlng. Phosphoiyfatton of 
•nir-46 b reqi^ for subsequent pho^ihorykation at several 
CXX)H:tenrnlna>/serum-«ensi«V8 ^tes; a comblnatloti of ttiesa 
Phosjrfwylation events eppears to be needed to Ihhibil the 
blndmgof 4&eP1 toelF4Ee^Theproductof they^TMgene,. 
p3a/M8K1 pathway, and protein Idnase Cir also 1^ 
4&BP1 phosphoryteHon er^, 

S6Kand4E-BP1 are also regulated, In part, by PlSKand Its 
downsfream protein kinase AkL PTBM Is a phosphatase that 
negattveJy regulates Pi3K slgnaHng, FTBi nuO celb have 
constltutfvely act^o of Akl, with Incieased S6K actlvHy and 
SB phosphorylation (30). S6K actMly is frihibiled both by 
PI3K Inhibitors walmannin and LY2940Q2 and by mTOR 
hiWbitor rapamycln (2^. Akt phosphc»y!ales Ser-244a In 
mTOR In vftro, and this site Is pto^hor^aled upon Akt 
acttvatfon (n yfvo (31-33). Thus. mTOR Is regulated t>y the 
PI3K/Akt pathway; howev^. this does riot appear to be the 
only mode of regulation of mTOR activlly. Whether the PI3K 
pathway also regulates S6K and 4&BP1 phosphorylatbn 
Independent of mTOR Is oontrov^isiaL 

Interestingly, mTOR autof^photylatton Is Wocted by wort- 
mannh but not by rapanniycln TWs seantiig hoonsls^^ 
suggests that mTOR-responsIve regulatfon of 4E-BP1 and S6K 
acBvily occurs through a mechanism other than Iritrinste mTOR 
Wnase acth%. An alternate pathway fbr4eBP1 and seKphoe- 
phorylatton by mTOR acthrfty Is by the InhlbHton of a phoepha- 
tasa Treatment with calyculin A, an Inhibitor of phosphatases 1 
and 2A, reduces rapamydivlnduoed dephosphofytatton of 4E- 
BP1 and S6K by rapamycln (3^. PP2A Interacts with iulMength 
S6K but not with a S6K mutant that Is resistant to dephosphcK 
rylatlon resulting from rapamydn. mTOR phosphwylates PP2A 
In wtoo; however, how this process afters PP2A acBvlty Is not 
known. These results are a)n8l8lent with the rnodel ttal p^ 
phoiylallon of a phosphatase by mTOR prevents dephospho- 
rylatton of 4E-BP1 and S8K, and conversely, that nutrient dep- 

rtvaikm and rapanriycln bkx3k Irtfilbltkm of the phosphatase by 
mTOR. 

Polyadenylation. The pofytd^ tall In eukaryottc mRNA Is 
Important In enhancing translation Inlttatton and mRNA sta- 
bility. Polyadenylation plays a key rota In regulating gene 
expressim during oogenesis and early embryogenesls. 
Some mRNA that are Iranslattonally Inactive In the oocyte a/e 
polyadenylated concomitantly with tianstatlonal activation In 
oocyte maturatton. whereas other mRNAs that are tiansla- 
flonaRy active during oogenesis are deadenyfated and trans- 
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laMonally silenced (38-68). Thus, control of poly(^ tafl syn- 
thesis Is an frnportant regi^iy step In gene axprasston. 
Tlie 5' cap and poly(A) tafl are thought to fUnctfon synergte- 
tlcally to regulate n^lR^U tianslattenal efflctency 

RWA Packaging. Most RNA-blndIng proteins are assem- 
bled on a transcript at the time of transcript! oh, thus deter- 
mining the translattonal fate of the transcript (41). A highly 
conserved family of Y-box proteins te found In cytoplasmic 
messet^ ribonudeoproteln particles, where tiie proteins 
are thought to play a role In restricting the leciultment of 
mRNA to the tnanslatk>nal machinery (41-4^ The malor 
mRNA^assocIated protein, YB-1, deslaWtees the friteracllon 
of elF4Eandttie5' tmUKcdpfn vHro, and overexpiesslonof 
YB-1 results In trmtsiatTonal repression Ai vfvo (44). Thus, 
altemtlons In RNA packaging can also play oi Important role 
In translation^ regulation 

Translation Alteradons Encounter^ in Cancer 
Three main alterations at the translatkmal level occur In cancer 
variations In mRNA sequences thai Increase or decrease trans^ 
lational efficiency, changes In the expression or availabDIVof 
componenis of the translatlonal machinery, and activaSon of 
tiansladon thiou^ aberrantly acthraeted slgr^ transduction 
pathways. The flisl alteralton affects the transit 
vidua! mf^ tttat may play a role In carcinogenesis. The se^ 
ond and third afteraHons can lead to mone global changes, such 

as an Increase In the oveiaB rate of FHOteIn synthesis, and the 
translatlonal activation of several mRNA spades. 

V^arfatfons In mRHA Sequence 

Variations In mRNA sequence affect the translatlonal efVi« 

Clancy <rf the transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations In the mRNA sequence, e^)eclally 
In the 5' UTR, can alter Its tmnslaUonal efficiency, as seen In 
the following examples. 



o-rnyc Saltort at propqisoclthallranslaBonofM^ 
0^ te repressed, wrtiereas In 
ttathaveddeltonsofthemRNAS'Uintia^ 
8 fiKHO efftetert ^tore PBcer% 
5' ITTR of o-iroc contains an IF^ aiKl thus 
tion can be Inltfated by a cap-independent as vvbH as a 



myeloma, a O-^T mutakfon In the o-myc IRES was kJertlfled 

W andfound to cause an enhffiwed fnltiafion of WisfaHon 
via Infernal ribospmal entry (49). 

BAG4f. Asomatte point mutation (117 Q-»q m portion 
•-3 with respect to the start codon of the B/?G4T gene vvas 
Itoitlfled In a WghV aggresshre sporadic l)rea5t earner 
Chlmejfc constriKfe consteling of the wOd-^ or nnitale^ 
fl^KMf 5' im and a downstream fuclferase r^3«1er 



UTR miitalion. 

Cyi^n<iep0ndent KInsse bthlMtorZA. Some InheHtad 
melanoma Wndreds have a Q->T transverslon at base -34 
of cycfin-dependent kinase lnhltttor-2A, which encodes a 
c^HnKiependent kinase 4/cyclln-dependent kinase 6 kfriase 
InhlWtor Important In checkpoint reguteOon (51). This 
imitaa6n,.fllve5 rise to a novel AUG translation InltlalkMi 
codon, creating an upstreani open reading frame ttwl com- 
petes fdr scanning rfbosomes and decreases transltfkm 
torn the wild-type AUa 

Altemate SpBdng and Aftemata Tianscrfpfloii Start 
Sftea AReiatbns In spBdng and aKemate transcrtptton sites 
: can lead to varfaHons In 5' uro sequence^ tenglh, and se^^ 



Am the ATM gene has four noncocfing exons In its 5' 
UTR th^ undergo extensive alternative spBdng pg. The 
contents of 12 different S' UIRs that show cor^derable 
diversity In length and sequence have been klentlfled. Ihese 
drvergent 5' leader sequences play an Important role In the 
translattonal regidatkm of the ATMgene. 

iwftfi. In a subset of tumore, ovmxpressk>n of the onco- 
protein mdm2 results in enhanced translation of the md^ 
mRNA Use of different promoters leads to two mdm2 tran- 
scripts that differ only fn their 5' leaders (53). The tonger 5' 
UTR contains two upstream open reading fifames, and ttils 
mRNA Is loaded with ribosomes Ineffteientfy compared with 
the short 5' Um. 

0ACAf. In a nonral mammary gland, BRCA1 mRNA Is 
expressed with a shorter leader sequence p'OTR^, whereas 
In sporadic breast cancer tissue, BRCAl mRNA Is expressed 
with a tonger leader sequmice (5' ITTRb); the translaltonal 
effidancy of transcrtpts containing 5' UTRb Is 10 times lower 
than that of transcripts containing 5' UTRa p^. 

7^03. 71»=-fl3mRNAfrichidesal.1-kb5'mHwhteh 
exerts an inhibitory effect on tranalatioa Many human tMeast 
cancer ceB lines contain a novel TGF-p3 transcript vwlh a 6' 
UTR that Is 870 niwIeotWes shorter and has a 7-fbld greater 
transtetlona! effldency than the mwmal TQF-p3 mRNA (55), 

Alienate Potyadenylation Sites, mm^ polyadnxyl- 
atfon signals leading to the generaHon of several transcripts 
vrith differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene pQ, ATM gene 
tissue Inhibitor of metalloprotelnases^ P7), RHOA 



prohHHwogene 058), and calmoduUn-l {59). Althoi^ the 
effect of these altemate 3' UTRs on translatfon is not yet 
known, ttwy mey be inqjorlant in RNA-proteIn M^sfactlQiia 
that affect traislallbnal recniilntent The role of these altw-~ 
allona In cancer development and progression is unknowrt. 

^ffiefaffons In the Compomnta ofihe 
nanslaUon Ma^bwry 

Aiteratfons In the components of translatton macMnety can 
take many forms. 
Overaixpresssion frf eIRE. Ovarexpression of eIRE 

causes maHgnant irensfdnnatton in rodent cells {BQ and tt^e 
dereguIaUon of HeU cell growth (81). Polunovsl^ etal (62) 

found that eIF4E overexpresslon eubstlhilBS for senim anci 
Individual growto fectore In presenrbig vlabOHy of fibroblasts. 

whfch si^gesls that elF4Ecannf»dfale both profifeiallve^^ 
sun^ signaling. 

aevatedleveisofe!F4E mRNA have beenfbundfnabroaci 
^>ectrum off tansfbnned ceB lines (63). eiF4E levels ar^ 

elevated In all diK?tai carcinoma /n s/fti specimens and inva- 
sive ductal carcinomas, compared vrfth benign breast spec- 
Imens evaluated with Western Wot analysfe (84, 66). PreBm- 

inary studies suggest that thte oversxpiBSdton Is attributable 
to gene amp&RcatioR (6^ 

llwre are aocunuhllng data suggesting that elF4e 
pii^on can be vsiuable as a prognostic mariter. eIF4E 0^ 
e«pressten was found h aretra^)eclive study t^ 

poor prognosis In stages I to in breast carcinoma (67)l Verifica- 
tion of the prognosBc value of ell=4e fn br^ cancer Is now 
underwaylnapro^)eciivetrial(67). However, h a different 
study, elF4E expression was correlated with the ^gres^ 
behavior of non4todgklri^ lymphomas pa). In a pros^ 
ana^ysbof pateits with head and neck cancer, elevmed lev^ 
of eff^E In histotogMVturnor-^swtfcal margins predl^ 
a significantly IrKreased risk of kxal^ional lecunence (B). 
These lesirfls aO suggest that dF4E overexpresslon can be 
used to select patients who might benefit fhxn more aggressive 
syslemte therapy. f^rrthennorB^ the head and neck cancer data 

suggest that elF4EoveiBxpression Is a field defect and can be 
used to gito kical therapy. 

Alterations In Ottter Initiation lectors. Alterations In a 

numb^- of other initiation factors have been associated with 

cancer. Overproductton of elF4Q, sln^lar to elF45, leads to 

malignant transfomnatlon In vfbv (69). elMa fe found in 



(3).lnltiatton1i8H:torelF4Al la overaxprossed h melanoma 
(7Q) and hepatoceHular carcinoma (71). The p40 subunft of 
translation InWaBon factor 3 Is ampfified and ovwexpressed 

In breast and prostate cancer (72), and the elF3-p1 1 0 subunft 
Is overexpressed In testkular seminoma (73). The rote that 
overexpresslon of these Initiatfon fectors pli^ on the devef- 
opment and prognesston of cancer, If any, Is not Known. 

Oversximsalon of 86K. S8K Is amplified and highly 
overexpressed In the MCF7 breast cancer cell line, con^ 
pared with nonnal mammary epitheilum (7^ in a study t)y 
Bartund ef a/. (74), S6K was amplified In 59 of 668 primary 
breast tunKMB, and a statistically significant association was 
obsenred between amplificatkm and poor prognosis. 



Ov^^eaquresslon of PAP. PAP catalyzes 3' poly(A) syn- 
thesb. PAP is^iverexpressed En human cancer cells com- 
pared with normal and vtRsUy trensfbrmed ceOa (7^ PAP 
6(ttymatteactMty!n breast tumom has been correlated with 
PAP protein !av^ (7Q and. In nrmnmiaiy tiflnorcytosc^ was 
foundio be an Independent factorfbrpoedlcttag aiffvlval (76). 
Uttle (s lornwiv however, about how P/^ 
tlyfty affecte thotranalafional profile. 

Meratfon8fn RNA4)lndln9Prote&i& Even fesa is known 
about alterations fn PNPk pa*ag6ng In cancer. Increased ex- 
pression ssfKi nudear locaQ2£dion of the Rh^^ 
YB-1 arB feKftators of a poor prognosis tor breast cano^ 
non-^maB ceB lung cartiw (Tft and owarlan ca^ 
ever, this effect inay be nriediated at least fri part sft the 
toiscrfpBoa because YB-1 hcieaseschemoiBsistanoabyer^ 
handng the tanscrtptlon of a multkJrug reslslanco ge^ 



Acttvaikm of Signal Dransduc^ PaUiWj^ 
Acfivatkm of signal tnansductlon pathways by^ 
suppressor genes cr overeiqNBsislon ofoertaln^iosl 
can 0)n(Wbu!8 to the growth OKI aggressiveness of ti^^ 
in^x3 rtan^.i THJtant in human cancers Is the tumor suppressor 
genoPTW, wttf* leads to the acflvalton of «w PI3l</Aia p^ 
way. Activation of PI3K and Akt rndUces the oncogenic tians- 
fomttflon of cWd«n embryo toobiastsilbet 
show constitutive phosphorylatton of SeK and of 4&BP1 
A mutant Akt that retafris kinasa aclh% but dbes not phc^ 
phorylateS6Kor4&BP1 does not tiansf6nnfibrotriasts» which 
suggests a correction between the oncogatldly of PI3K and 
Akt and the phosphoryteHon of S6K and4E-BP1 

Several tyrosine kinases such as platelet*dertved growtti 
fector. bisulln-like growtii fector, HER2Meu, and ^Idennal 
giovimi factor receptor am overexpressed In cancer. Be- 
cause these kinases acQvate downstream signal transduc- 
tton pathwE^lax>wn to alter translatton initia^m. acUvatkni 
of translatton is likely to oontnliute to the growth and aggi^« 
siveness of these tumors. Fwthennore, the mRNA for many 
of these kinases thenas^es are under translatkmd control. 
For example, HER2/neu mRNA Is translattonally controned 
both by a short upstnaam open reading frame that represses 
HERZ^neu translation In a ceB type-independent manner and 
by a distinct cell type-dependent mechanism that increases 
translatfonal efficiency (82). HERZAieu transiafion Is different 
in transformed and nomiaJ cells. Ihus, it Is possible that 
afteratJons at the translailonal level can In part account for 
the discrepancy between hiB\2Irm gene amptifteatton de- 
tected by fluorescence In sftu hybrtdizatton and prot^ levels 
detected t>y Immunohlstochemteal assays. 



TranslafOon Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways Involved in the activatton of translation hItlaAton repre- 
sent ^X)d tangsts for cancer therapy. 

Tsigefftig the mTOR ^gnalfng Pathway: Rapamyctn 
andTumstaHn 

Rapamydn Inhibits the pibllferatton of lymphocytes, it was 
initially developed as an Immunosuppressive dn^ for organ 



trarsi^antatton. Rapamydn with FKBP 12 (FK506-b&idIng 
protein, 12/)00) bbtds to mTOR to inhibit its function. 

Rapamycb) causes a smaO but sljpifflcant iBductton In the 
initiatkm rate of protein synthesis (831^ It btocksoengrow^ 
part by btocking 88 phosphotylatkw and e^ectlvely sui:>- 
pressfrig thetranSlaSon of 5'TOP mRNAs. such as ribosomal- 
proteins, and etongatlon factors 03-85). Rapamydn also 
btocks 4E-BP1 phosphorylatfon and inhibits capKl^)ehdent 
but not c^Hndependent translation (17, 8^ 

The rapanvcin-eensltlve signd tranadudlm palhwiV, acA^ 
vated during malignant ti an srfbnr ia Uon and cancer progresston, 
bnow bdr^ studied asatagrtfbr cancer fhw^ Prt>s. 
tata,l3r©asJ,8nriaHceDlung,gDolD!astonra,iTieto^^ 
Iwkenrila ana among the cancer Ones most sensitive to the 
rapamydn anatogue CCt-779 OA^e«vAy«Bl Research; Ref. 
87>.mrtiebdofnycosaicoma o^llne^ rapamydn Is eito 
statb or cytoddal depend^ on the p53 status of the ce%pS3 
wikMype cells treated with raparrofdn oiest to the <^ 
and maintain thefr.vlabSHy, whereas p63 nnutant o^ cmjm^ 
fatelnOt and undergo apoptosis 08, 89). In arecenfly reported 
stiKly using tniman prfar^tive neuroeotDdermd tumor and 
medutlobfastoma modds, rapamydn exhibited more cytotox- 
k%hcombtettonwahctepiatinandca mp tothec^ 
single agent Ai vfiff), 001-779 ddaiyed growth of xmogr^ 
18096 afterl weekof therapy and 24096 after2 weeks. Adngte 
hf^Hloee a d m lnbtraaio n caused a 3796 decrease h tumor 
voluma Growth lrtf«)ltion *i v^VD was 1J3 tfe^ 
dsplfidh ft! cornbinatton with CCI-779 than wft^ 

00) . Ihus, precOr^ studies suggest ttiat rapamydn ana- 
k)gues m useiUI as single £gents and bn comblriatlon with 
chemottierapy, 

Rapamydn analogues 001-779 and RADODi (^ovarUs, 
Basel, 8wifaMi1m9 are now Ih dinlcd ttta^ Because of tfie 
known effect of rapamydn on lymphocyte proHferatkm, a 
potential problem with rapamydn analogues Is intmuno8u|>. 
prssdon . However, although prolonged hnmunosuppresslon 
can result ftom rapamydn and Ca-779 administer^ on 
continuous-dose schedules, the Immunosuwaresslve effects 
of rapamydn analogues resolve In ^24 h after therapy 

01) . The prindpa! toxicities of 001-779 have Induded der- 
matolos^ t«»(ldty, myeiosuppression, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper« 
glycemla, hypolialemla, hypocalcemia, and depnasslon 07, 
92-9^. Phase II trials of COi-770 have been conducted In 
advanced renal cell cardnon^ and In stage lil/IV breast 
canslnoma patients who failed with prior chemottierapy. In 
the results reported in abstract fonn, although theiB were no 
complete responses, partial responses w«re documented In 
both renal cell cardnoma and in breast carcinoma O^t 95). 
Thus. OCi-779 has docinnented prallminary dirtical activify Iri 
a previously treated, unsdeded patient population. 

Active Investigation Is underway Into patient sdectlon for 
mTOR InhibitorB. Sevml studies have found an enhanced 
efficacy of OCf-779 In PTEN-nuD tomors 00. 96). Another 
stody found that dx of dght breast cancer ceil lines were 
responsive to OCI-779, although only two of these lines 
lacked P7EN 07)There was, however, a positive conelaHon 
between Akt activation and 001-779 sendttvity 07). iMs 
conrelatkm st^gests that activation of the PI3K-Akt pathway, 
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regerxfless of whsther It is aitributabto to a 

to owrexpfBssIdn of receptor ty^ 

car cell dmenable to mTOFMlrecled therapy. In contrast, 

lowerlsvete of the tanget of mTOa 4E-BP1, are assodated 

with rapamydn resistance; thus, a lower 4E-BP1/elP4E ratio 

may i^ct rapamydn resistance {8^ 

Another mode of activity for rapaivdn and te 
appears to be through Irdilbftion of angfogenesls. TWa actV- 

mey be both through dlnecl Inhibition of endothelial cell 
proIlferaHon as arssuft of mTOR hhlbftlon In these 
InWbitlon of translatton of such proangtogenic fectora as 
vascular endothefal grovimi Itetor In tiwnor cells pa, lop^^ 

The angbgenes^ Inhibitor tumslatln, another anticancer 
dnig cunentiy undiw study, was also found recently to Inhibit 
trenslatoi In endothelial cells (101). Through a requl^ in- 
teraction with Inte^ tumstalbi Inhibits activation of the 
PBWWd pathway and mTOR In endothenal cells and pre- 
vents dlssodertion of elF4E from 4E-BP1, thereby Inhibiting 
cap-dependent translafion. These finding sugg^ that en- 
dotheOal cells are espectelly sensitive to therapies targeting 
the mTOR^Ignallng pattivvay. 



rnenl also reduces tfve e)q)rBS*n of ar^togenfe fcurt^ 



and neck cancers, palfcttelyv^ elevated ellMEbtteffd 
sufi^cal maitfna. Sm^ moleode hl^^ 
4&BP143lndlng ddmaih of elRE ana proapoplotic (11Q and 
are also beb^ actively pursued. 

B(p!oitlng SefedAro Itmslamn for Gene Thmpy 

A diffofent therapeutk; approach that takes advanta^ 

enhanced capKiependent translation In cancer ceSs Is the use 
Of gene therapy vectro encoding sulddd genes wKh h|£Ny 

strudued 5' imihesernRNAvi^thus foe at a comp^ith/a 
disadvantage In normal ceBs and not translats vveO. vwheceas ir> 
cancer ceSs, th^ vvoqW translalomorB efflctently. exaanple. 
the Inlroductkm of the 5' urm of fibitd:^ grow^ 
the codfrig sequence of he»pes s&t¥)te>f virus fjpe-t 
Air»se gen^ aflows fbr seleothfe tnsi^^ 
vto Ofie-f thyrnWie ^:frias9 gene In bi^ 
compared with nonrai! inammaiy ceO Ones and re&uSa In 9e- 
fecUve sensWvHy to ganddovl- (11 7). 



TargeUg^ efface EPA, CfoMnazofev mOd-?, 

EPA Is an n^ polyunsatorated fat^ add found h the fish- 
based diets of populations having a lovir Incidence of cancer 
(102). EPA Inhibits the pn^eration of cancer cells (103). as 
wen as In animal models (104, 105). It blocks cdl division by 
inhibfting translafion Initiation (105). EPA releases C^* ftwn 
Intracellular stores virile Inhibiting their refining, thereby ac- 
tivating PKR PKR. In turn phosphorylates and inhibits elF2a. 
resulting In the biMbltlon of protein ^thesis at the level 
translatlbn Ntiatton. Sfntilarly, clotrimazole, a potent antlpro- 
llferatlve agent&j Wfro and ih wfra, Inhibits cefi growth tfirough 
depletion of Ca?"^ stores, acth/afion of PKR, and phospho- 
rytaJlon of elF2a (1(W). Consequently, clotrfmazote preferen- 
tially decreases the expression of cycilns A, E. and D1, 
resuIUng In blockage of the oefl pyde In Qv 

mds-r is a novel tomor suppressor gene being developed 
as a gene therapy agent Adenovfral transfer of md^7 (Ad- 
mdaT) Muces apoptosis In many cancer cells Including 
breast, colorectal, and lung cancer (1 OT'-1 09). Ad-mda7 also 
Induces and activates PKR, v^rhlch leads to phosphorylation 
of elRa and Induction of apoptosis (110). 

Ravonokls such as genlsteln and queroetin suppress tu- 
mor ceO growth. AU three mammalian elF2a kinases, PKR, 
heme^ulatod Inhibitor, and PBRK/PEK, are acUvated by 
flavonoWs, with phosphorylation of elF2a and Inhlbitton of 
protein synthesis (111). 



Tarff6tittge!F4A and e!F4E: Antlsenso RNA 
and Peptides 

Antlsense expression of elF4A decreases the proDferotlon rato 
of melanoma cells (1 1 2). Sequeslnallon of elF4E by overexpre^ 
^of 4E-BP1 Is proapoptotlo and decreases tumorlgenldty 
(1 13, 114). Reductton of elF4E with antlsense RNA decreases 
soft ^ gnowlh, Increases tumor latency, and Increases the 
rales of tumor doubling tfrnes (7). Antlsense eF4E RMA treat- 



Toward tfie Future 

Ttenslatlon b a orudal process In every cdL Howew^ 
aRerations In tran^afional opntrol occur In cancer. 

appear to need an abenantly activated tiandatlonal slato fbr 
siffvfval. thus ^Iq^ the tatgetlhg of translation 
surprisingly tow tooidfy. OomponerHs of the tianslational ma- 
chinery, su^ as dF4& and signal transductton pathw^ Irv 
volved In translation Initiation, such mTOR, r^)resent p^ 
targelsfor cancer therapy. Inhibitors of the mTOR have already 
showri some preliminary activity In ciMcaS trials^ It Is possO^ 
that with the dev^opment of better predictive matkere and 
better patient selec1k)n, response rates to single-agent therap/ 
can be Improved. Similar to other <^tostaac agajla, however, 
mTOR Inhibitors aia most Bkeiy to achkA^ cOhlcal uttHy to 
oomblnattonthOTpy. In the intaim, our Increasing understand- 
ing of'taisiation Initiation and signal traisdudion pathws^ 

promise to lead to the klentificatlon of new therapeutiG ta^ 
In the near future. 
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